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HIGH-DENSITY CHIP-TO-CHIP
INTERCONNECTION WITH SILICON
BRIDGEL

BACKGROUND OF THE INVENTION

The present mvention relates generally to the field of
packaging of integrated circuits (ICs) and more particularly
to IC package interconnection of integrated circuits.

As imtegrated circuits approach the limit of Moore’s law,
the design has been to integrate multiple die with 1n the
central process unit (CPU) and other components. The
increase 1n transistor density requires high-density die-to-die
connections. In addition, these components are often con-
nected to a subassembly such as a substrate or motherboard.
The ICs can be packaged and inserted into an IC package
that 1s mounted on the subassembly. One of the many
influences of the design for the overall size 1s the spacing
required for the interconnection of the contacts of the IC
packages. As the spacing 1s reduced and dies requires
high-density wiring, the packaged ICs can become less
robust and the cost of meeting the spacing requirements can
increase.

Hence, there exist a need to address the spacing chal-

lenges for contacts and wiring of ICs.

SUMMARY

According to an embodiment, a package structure for
high-density chip-to-chip 1nterconnection, the package
structure comprising: a plurality of circuit dies; a laminate
substrate adjacent to the plurality of circuit dies; a spacer
disposed between the laminate substrate and one of the
plurality of circuit dies; and a conductive iterposer dis-
posed between the laminate substrate and the plurality of
dies and adjacent to the conductive spacer.

According to another embodiment, a system for high-
density chip-to-chip interconnection, the system compris-
ing: a plurality of circuit dies; a laminate substrate adjacent
to the plurality of circuit dies; a spacer disposed between the
laminate substrate and one of the plurality of circuit dies; a
conductive mterposer disposed between the laminate sub-
strate and the plurality of dies and adjacent to the conductive
spacer; and a top layer of a printed circuit board (PCB)
coupled with a bottom layer of the laminate substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of a diagram 1illustrating a silicon
bridge without a through-silicon-via (IT'SV) in accordance
with one embodiment of the present invention;

FIG. 2 1s a side view of a diagram illustrating a silicon
interposer with TSV 1n accordance with one embodiment of
the present mnvention;

FIG. 3 1s a side view diagram 1llustrating another silicon
interposer with TSV, typically designated 300, in accordance
with one embodiment of the present invention;

FIG. 4A 15 a side view diagram 1llustrating another silicon
interposer fixture with TSV 1n accordance with one embodi-
ment of the present invention; and

FIG. 4B 1s a bottom view diagram illustrating another
silicon interposer fixture with TSV 1n accordance with one
embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present mmvention recognize that
improvements to address the space limitation on intercon-
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nect regions (high-density chips) by utilizing small dimen-
s1on silicon interposers (e.g., silicon bridge) along with the
use ol laminate spacer to interconnect regions of dies
requiring high-density wiring. The silicon interposers pro-
vide a robust and cost effective design (e.g., 2.5D packag-
ing). Furthermore, embodiments of the present invention can

be used for either high bandwidth memory (HBM) or
non-HBM applications. It 1s noted that the term, “‘silicon
bridge”, 1s used to denote a dimensional smaller interposer.
Furthermore, a silicon bridge may contain TSVs depending
on the packaging application.

Embodiments of the present invention will now be
described 1n detail with reference to the accompanying
figures. It 1s to be understood that the disclosed embodi-
ments are merely illustrative of potential embodiments of
the present invention and may take various forms. In addi-
tion, each of the examples given in connection with the
various embodiments 1s intended to be illustrative, and not
restrictive. Further, the figures are not necessarily to scale,
and elements and features can have diflerent dimensions
than those depicted 1n the figures. Therefore, specific struc-
tural and functional details disclosed herein are not to be
interpreted as limiting, but merely as a representative basis
for teaching one skilled 1n the art to variously employ the
present mvention.

References in the specification to “an exemplary embodi-
ment,” and ‘“other embodiments,” etc., indicate that the
embodiment described may include a particular feature,
structure or characteristic, but every embodiment may not
necessarily include the particular feature, structure or char-
acteristic. Further, when a particular feature, structure, or
characteristic 1s described 1n connection with an embodi-
ment, 1t 1s submitted that it 1s within the knowledge of one
skilled 1n the art to aflect such feature, structure, or charac-
teristic 1n connection with other embodiments whether or
not specifically described.

The term “coupled with,” along with its derivatives, may
be used heremn. “Coupled” may mean one or more of the
following. “Coupled” may mean that two or more elements
are 1 direct physical or electrical contact. However,
“coupled” may also mean that two or more elements 1ndi-
rectly contact each other, but yet still cooperate or iteract
with each other, and may mean that one or more other
clements are coupled or connected between the elements
that are said to be coupled with each other. The term
“directly coupled” may mean that two or more elements are
in direct contact.

The term “dice” and *“dies”, along with 1ts derivatives,
may be used to describe one or more die.

As used herein, the term “module” may refer to, be part
of, or mclude an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated,
or group) and/or memory (shared, dedicated, or group) that
execute one or more solftware or firmware programs, a
combinational logic circuit, and/or other suitable compo-
nents that provide the described functionality.

System-on-chip (SoC) 1s an itegrated circuit that allows
multiple dies to exist a on the same substrate. For example,
a digital logic die, analog die and radio frequency die can be
packaged on a single substrate. A package 1s the final stage
of integrated circuit packaging wherein a block of semicon-
ductor material 1s encapsulated in a supporting case that
prevents physical damage and corrosion. The case 1s known
as a “package” and supports the electrical contact which
connect the device to a circuit board. This packaging has the
advantage of having low power-consumption. However, the
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low power-consumption has been typically attributed to the
digital devices on the substrate and provides an advantage
for SoC design.

System-1n-Packages (SiP) 1s similar to SoC and 1t 1s
currently i1n use in order to meet the demands of system 5
integration. S1P has various number of integrated circuits
enclosed 1n a single module or package. Furthermore, the
dies that make up the integrated circuits may be stacked
vertically on the substrate and then they are internally
connected to wires that are bonded to the package. S1P dies 10
can be stacked vertically or tiled horizontally, unlike slightly
less dense multi-chip modules, which place dies horizontally
on a carrier. SiP connects the dies with standard off-chip
wire bonds or solder bumps, unlike slightly denser three-
dimensional integrated circuits which connect stacked sili- 15
con dies with conductors running through the die.

2.5D 1s a packaging methodology for including multiple
die 1nside the same package arranged on a horizontal plane.
3D 1s another packaging methodology that stacks multiple
dies on top of one another on a vertical plane 1 order to 20
conserve space. 3D can use TSVs to connect the multiple
dies together. One of the main advantages of 2D 1s that the
die does not have to utilize the same process technology,
which 1s a big problem with analog IP at advanced process
geometries. In addition, unlike full 3D IC (e.g., 3D wafer- 25
level packaging, etc.), which bonds wafers together; the
thermal and electrical properties of 2.5D are easier to
manage and control. The communication (e.g., electrical
connection, etc.) between chips can be accomplished using
interposer technology or silicon bridges. 30

The concept of 2.5D has been around for at least a decade.
This concept began with multi-chip modules wherein mul-
tiple dies are packaged 1n a single package. SiP uses a
similar strategy as 2.5D, and 2.5D sometimes 1s referred to
as S1P. Although, the interconnect between die has evolved 35
significantly since the SiP concept was first introduced, both
methodology are still relevant 1n the current packaging field.
Additionally, there are other types of packaging that are
variants of existing technology, such as Package-in-Package
(P1P) and Package-on-Package (PoP). As the name implies, 40
P1P utilizes a smaller number of SiPs where 1t 1s mounted on
a larger Si1P. PiP utilizes SiP that 1s mounted on top of
another PiP. These different type of package variants (e.g.,
SoC, PiP, PoP, etc.) may directly derive benefit from the
disclosure of the present invention. 45

One of the big advantages of the approach of 2.3D
packaging 1s that the die does not have to utilize the same
process technology, which 1s a big problem with analog IC.
Moreover, unlike full 3D-IC, which bonds waters together,
the thermal and electrical properties of 2.5D are easier to 50
manage. Communication between chips 1s accomplished
using interposer technology, silicon photonics, or silicon
bridges.

Embodiments of the present invention recognize that
improvements to address the space limitation on intercon- 55
nect regions 1n packaging technology (e.g., 2.5D, 3D, etc.)
by utilizing small dimension silicon mterposers (e.g., silicon
bridge) along with the use of spacers (e.g., laminate, copper
standofls, etc.) to interconnect regions of dies requiring
high-density wiring. 60

FIG. 1 15 a side view of a diagram 1illustrating a silicon
bridge without through silicon via (ISV), also known as
“the 1C package assembly™, 1n accordance with one embodi-
ment of the present invention. The present embodiment can
be used on multiple type of chip layouts. The present 65
embodiment use laminate spacers in conjunction with a
s1licon bridge as part of the iterconnect to a region of dice.

4

Laminates of various grades (e.g., FR-4, etc.) can be made
from composite materials such as woven fiberglass cloth
with epoxy resin binder or polyimide.

As 1llustrated 1n FIG. 1, the IC package assembly com-
prises first die (e.g., CPU, GPU, etc) 101, second die 102,
silicon bridge 103, high-density-via (HDV) core spacer 104
and laminate 105. It 1s noted that silicon bridge 103 is not
embedded 1n laminate, but instead 1s a loose component that
1s assembled with the other components.

First die 101 and second die 102 of the present invention
are well known 1n the technology field and are mentioned for
illustrative purposes.

Silicon bridge 103 of the present invention are well
known 1n the packaging field (e.g., 2.5D, etc). It 1s noted that
silicon bridge 103 can contain TSVs, depending on the
application. HDV core spacers 104 of the present invention
are also well known 1n the packaging field (e.g., 2.5D, etc).
However, 1t 1s the use of silicon bridge 103 1n conjunction
with HDV core spacers 104 in a unique configuration that
provides an improvement 1n addressing the space limitation
on mterconnect regions on dies. This unique configuration 1s
explained further below.

The top side of silicon bridge 103 along HDV core spacer
104 with 1s coupled with bottom side of first die 101 and
second die 102. In another embodiment, ultra-thin core
(UTC) laminate spacers can be used instead of HDV core
spacer 104. In yet a further embodiment, silicon bridge 103
can be made from high density interconnect (HDI) materal.

FIG. 2 1s a side view of a diagram 1llustrating a silicon
interposer with TSV also known as “the I1C package assem-
bly”, 1n accordance with one embodiment of the present
invention. As 1llustrated in FI1G. 2, the IC package assembly
comprises of first die 201, second die 202, organic spacer

203, silicon interposer 204, laminate 205, TSV 206 and
vertical electrical connection 210. It 1s noted that silicon
interposer 204 1s not embedded 1n laminate, but instead 1s a
loose component that 1s assembled with the other compo-
nents. One of the main benefits 1n this embodiment (repre-
sented by FIG. 2) 1s that 1t allows for better power distri-
bution and can be applicable to multiple type of chips
including HBM.

First die 201 and second die 202 of the present invention
are well known 1n the technology field and are mentioned for
illustrative purposes. First die 201 and second die 202
comprises, but 1s not limited to, a logic or memory (e.g.,
HBM).

Organic spacer 203 and silicon interposer 204 of the
present mvention are well known in the packaging field
(e.g., 2.5D, etc.). However, it 1s the use of organic spacer 203
in conjunction with silicon interposer 204 1 a unique
configuration that provides an improvement in addressing
the space limitation on interconnect regions on dies. This
unique configuration 1s explained further below.

The top side of organic spacer 203 along with silicon
interposer 204 1s coupled with bottom side of first 201 and
second die 202. Furthermore, vertical connection 210,
embedded within organic spacer 203, connects second die
202 to laminate 20S.

TSVs 206 of the present invention are also well known 1n
the packaging field (e.g., 2.5D, etc.).

In an embodiment, TSVs 206 are embedded throughout
silicon interposer 204 connecting first die 201 to laminate
205.

FIG. 3 1s a diagram 1illustrating another silicon interposer
with TSV also known as “the IC package assembly”, in
accordance with one embodiment of the present invention.
As 1illustrated 1 FIG. 3, the IC package assembly contains
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first die 301, second die 302, copper spacer 303, silicon
interposers-with-1TSV 304, and laminate 305. The assembly
and structures of silicon iterposer of FIG. 3 1s very similar
to silicon interposer from FIG. 2. However, the major
difference 1s that 1n this embodiment, copper ball spacers or
“standoils” are used instead of organic spacers.

First die 301 and second die 302 of the present invention
are well known 1n the technology field and are mentioned for
illustrative purposes. First die 301 and second die 302

comprises, but 1s not limited to, a logic or memory (e.g.,
HBM).

One of the reasons to use copper ball standoils 1s due to
the financial cost. It 1s very cost eflective to use copper ball
standofls to achieve similar results of organic spacers. The
s1ze of the copper balls are typically 100 um diameter and
would be a fit for 132 um to 150 um C4 paitch.

Silicon interposers-with-TSV 304 of the present invention
are well known in the packaging field (e.g., 2.5D, etc.).
However, 1t 1s the use of silicon interposers-with-TSV 304
in conjunction with copper spacer 303 in a unique configu-
ration that provides an improvement 1n addressing the space
limitation on interconnect regions on dies. This unique
configuration 1s explained further below.

The top side of copper spacer 303 along with silicon
interposers-with-TSV 304 1s coupled with bottom side of
first die 301 and second die 302. In another embodiment,
ultra-thin core (UTC) laminate spacers can be used instead
ol copper space 303.

FIG. 4A 1s a side view diagram 1llustrating another silicon
interposer fixture with TSV 1n accordance with one embodi-
ment of the present invention.

FIG. 4B 1s a bottom view diagram illustrating another

silicon interposer fixture with TSV 1n accordance with one
embodiment of the present invention.

As 1llustrated 1n FIG. 4A and FIG. 4B, the IC package
assembly comprises of first die (e.g., CPU, GPU, etc) 401,
die 402, first high-density-via (HDV) core spacer 403,
second HDV core spacer 404, laminate 405 and suspension
silicon bridge 406. It 1s noted that first HDV core spacer 403,
second HDV core spacer 404 and suspension silicon bridge
406 are not embedded 1in laminate 405, but instead are loose
components that are assembled with the other components.

First die 401 and second die 402 of the present invention
are well known 1n the technology field and are mentioned for
illustrative purposes.

First HDV core spacer 403, second HDV core spacer 404
and suspension silicon bridge 406 of the present mnvention
are well known 1n the packaging field (e.g., 2.5D, etc.). First
HDYV core spacer 403 and second HDV core spacer 404 of
the present invention are also well known 1n the packaging
field (e.g., 2.5D, etc.). However, it 1s the use of first HDV
core spacer 403 and second HDV core spacer 404 1n
conjunction with suspension silicon bridge 406, in a unique
configuration, that provides an improvement in addressing
the space limitation on interconnect regions on dies. This
unique configuration 1s explained further below.

The top side of suspension silicon bridge 406 along first
HDYV core spacer 403 and second HDV core spacer 404 with
are coupled with bottom side of first die 401 and second die
402. Furthermore, suspension silicon bridge 406 1s situated
between first HDV core spacer 403 and second HDV core
spacer 404. It 1s noted that suspension silicon bridge 406
attaches first die 401 to second die 402. Additionally, HDV
core spacer 403 connects die 402 to the laminate 405 and
HDYV core spacer 404 connects die 401 to the laminate 405.
In another embodiment, ultra thin core (UTC) laminate
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6

spacers can be used instead of either first HDV core spacer
403 or second HDV core spacer 404.

The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1in the
art without departing from the scope and spirit of the
invention. The terminology used herein was chosen to best
explain the principles of the embodiment, the practical
application or technical improvement over technologies
found in the marketplace, or to enable others of ordinary
skill 1n the art to understand the embodiments disclosed
herein.

What 1s claimed 1s:

1. A package structure for high-density chip-to-chip inter-
connection, the package structure comprising;:

a plurality of circuit dies;

an upper construct comprising a high bandwidth memory

stack and the plurality of circuit dies adjacent to the
high bandwidth memory stack 1in a horizontal align-
ment;

a lower construct comprising a non-conductive laminate

package substrate layer;

one or more non-conductive spacers located between the

upper construct and the lower construct, wherein the
one or more non-conductive spacers contain an upper
spacer construct and a lower spacer construct;

one or more conductive mterposers comprising a silicon

bridge, wherein the silicon bridge 1s position between
the upper and the lower constructs 1n parallel with the
laminate package substrate layer;

wherein an upper surface of the silicon bridge 1s electr-

cally and directly coupled, but not embedded, to a first
die surface of a predetermined region of the plurality of
dies, wherein the first die surface 1s a bottom side of the
plurality of dies and to a second surface of a predeter-
mined region of the high bandwidth memory stack,
wherein the second surface 1s a bottom surface of the
high bandwidth memory stack and a lower surface of
the silicon bridge adjacent and segregated from the
laminate substrate layer and

wherein the upper surface of the silicon bridge 1s parallel

and adjacent to the upper spacer construct and the
lower surface of the silicon bridge 1s parallel to the
lower spacer construct; and

wherein the upper spacer construct 1s directly coupled to

the second surface of a predetermined region of the
high bandwidth memory stack, the lower spacer con-
struct 1s directly coupled to the laminate substrate layer.

2. The package structure of claim 1, wherein the one or
more non-conductive spacers comprises a laminate material
including a HDV (high-density-via) core with a vertical
clectrical connection.

3. The package structure of claim 2, wherein the plurality
of circuit dies comprises an element selected from a group
consisting of logic or memory dies.

4. The package structure of claim 1, wherein the one or
more non-conductive spacers comprises ol a copper mate-
rial.

5. The package structure of claim 1, wherein the plurality
of circuit dies comprises a logic and a memory.

6. The package structure of claim 1, wherein the laminate
material comprises an ultra thin core (UTC).

7. A system for high-density chip-to-chip interconnection,
the system comprising:

a plurality of circuit dies;
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an upper construct comprising a high bandwidth memory
stack and the plurality of circuit dies adjacent to the
high bandwidth memory stack 1 a horizontal align-
ment; a lower construct comprising a non-conductive
laminate package substrate layer;

one or more non-conductive spacers located between the
upper and the lower constructs, wherein the one or
more non-conductive spacers contain an upper spacer

construct and a lower spacer construct;

one or more conductive interposer comprising a silicon
bridge position between the upper and the lower con-
structs 1n parallel with the laminate package substrate
layer,

wherein an upper surface of the silicon bridge 1s electri-
cally and directly coupled, but not embedded, to a first
die surface of a predetermined region of the plurality of
dies, wherein the first die surface 1s a bottom side of the
plurality of dies and to a second predetermined region
of the high bandwidth memory stack, wherein the
second surface 1s a bottom surface of the high band-
width memory stack and a lower surtace of the silicon
bridge adjacent and segregated from the laminate sub-
strate layer;

wherein the upper spacer construct 1s directly coupled to
the second surface of a predetermined region of the
high bandwidth memory stack, the lower spacer con-
struct 1s directly coupled to the laminate substrate layer

5
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and wherein the one or more conductive interposers
comprises a conductive organic material and TSV
(through-silicon-via); and

a top layer of a printed circuit board (PCB) coupled but
not embedded with a bottom layer of the laminate
package substrate layer.

8. The system of claim 7, wherein the one or more spacers
comprises a conductive laminate material including a HDV
core with a vertical electrical connection.

9. The system of claim 7, wherein the one or more spacers
comprises a conductive laminate materal.

10. The system of claim 9, wherein the plurality of circuit
dies comprises an element selected from a group consisting
of a central processing unit (CPU), a graphics processing
umt (GPU) and application specific integrated -circuit
(ASIC).

11. The system of claim 9, wheremn the one or more
spacers comprises a conductive organic material.

12. The system of claim 11, wherein the conductive
organic material comprises a vertical electrical connection.

13. The system of claim 9, wherein the one or more
spacers comprises a copper material.

14. The system of claim 9, wherein the laminate material
comprises an ultra thin core (UTC).

15. The system of claim 7, wherein the plurality of circuit
dies comprises a high memory bandwidth memory (HBM).
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